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The blockade of immune regulatory checkpoints is emerging as a powerful anticancer strategy. We recently reported 
long-term results from the first-in-human clinical trial of anti-PDI antibody-based immunotherapy, demonstrating 
durable tumor control off-therapy in subjects affected by colorectal and kidney cancer, as well as successful re-induction 
therapy in a melanoma patient. 



The blockade of immune checkpoints, 
in particular of the pathway involv- 
ing programmed death 1 (PD1) and its 
ligands, CD274 (PD-L1) and CD273 
(PD-L2), is emerging as a promising 
strategy for cancer therapy. As data from 
clinical trials evaluating immune check- 
point-targeted drugs emerge, the pos- 
sibilities offered by these agents and the 
challenges associated with their use are 
becoming increasingly clear. 1,2 Recently, 
our group has published the results of a 
long-term follow-up study from the first 
clinical trial based on the PDl-targeting 
monoclonal antibody nivolumab 
(BMS-936558/MDX-1106/ONO-4538; 
Bristol-Myers Squibb). 3 Preliminary 
results from this trial suggested favor- 
able safety and tolerability profiles 
among 39 patients affected by advanced, 
treatment-refractory malignancies. 4 Of 
note, the patients enrolled in the study 
included individuals affected by colorec- 
tal carcinoma (CRC), kidney cancer or 
melanoma, all of which experienced an 
objective response to the experimental 
therapy. The long-term follow-up of each 
patient demonstrates important principles 
regarding the advantages and pitfalls of 



immune checkpoint-blocking drugs in 
the treatment of advanced cancer. 

The first patient we described was a 
71-year-old man affected by CRC who 
was initially treated with surgery plus che- 
motherapy and, upon disease progression, 
received nivolumab. A partial response 
(PR) was observed on CT scan after only 
one dose of drug. The patient received 
four more courses of nivolumab over 
the following 6 months, during which 
he attained a complete response (CR). 
Therapy was discontinued and radiologic 
evaluation was performed 4 years after the 
initiation of nivolumab-based therapy, 
demonstrating no evidence of residual 
disease. 

The second patient was a 76-year- 
old man affected by metastatic clear cell 
kidney cancer, whose disease progressed 
despite multiple prior systemic anticancer 
regimens. Eight weeks after a single dose 
of nivolumab, some lesions of this patient 
were regressing while others were grow- 
ing, as demonstrated by CT scan. After 
two additional doses of nivolumab, grow- 
ing lesions resolved. The patient received 
no further antineoplastic therapy and 
achieved a CR, which is ongoing more 



than 4 years after the discontinuation of 
nivolumab. 

The third patient was a 55-year-old 
woman bearing metastatic melanoma, 
whose disease had progressed in spite of 
standard melanoma therapy. After the 
first nivolumab dose, like the patient 
described above, radiologic restaging 
showed a mixed response. Nivolumab 
was discontinued after several more doses 
of the drug resulted in a PR. The disease 
progressed 16 months later and the biopsy 
of one recently developed lesion confirmed 
the presence of melanoma expressing 
cell-surface PD-L1. The patient received 
re-induction nivolumab under a patient- 
specific protocol, after which repeat scans 
demonstrated a decreased size and avidity 
for fluorodeoxyglucose (FDG) of these 
lesions. An ongoing PR was documented 
16 months after the initiation of re-induc- 
tion therapy. 

Taken together, the long-term outcomes 
of these patients illustrate several impor- 
tant concepts. First, PD1 -blockade can 
induce long-lasting antitumor responses 
that can persist off-therapy. Additional 
evidence in support of this notion has been 
provided by Topalian and colleagues, who 
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Figure 1. A proposed algorithm for achieving effective antitumor immune responses. (A) The blockade of the programmed death 1 (PD1J/PD-L1 
pathway may be effective against tumors in which PD-L1 is expressed at the cell surface, reflecting a baseline, "pre-activated" state of the immune 
system. (B) The therapy of tumors in which the immune system is not in such a "pre-activated" state may require additional interventions to generate 
an inflammatory microenvironment, hence priming immune effector cells for mediating antineoplastic functions once the immune checkpoints are 
relieved (for instance with anti-PD1 antibodies). 



reported results from a Phase I clini- 
cal trial on nivolumab involving about 
300 patients. 2,5 In this setting, among 
54 patients who achieved a PR or CR 
and who were not lost early at follow-up, 
28 responses (52%) were observed to last 
for at least 1 year. 

Second, the success of re-induction 
therapy in a melanoma patient suggests 
that, in the case of disease progression 
upon nivolumab discontinuation, the 
re-administration of the same anti-PDl 
antibody can swing the immunological 
pendulum back in favor of the host, redi- 
recting the immune system to mediate 
antineoplastic effects. On the contrary, 
tumor growth following the adminis- 
tration of small molecule inhibitors and 
chemotherapy is generally due to the 
development of drug resistance. 



Third, the clinical evaluation of 
patients receiving anti-PDl antibodies 
or similar immune checkpoint blocking 
agents requires appropriate response crite- 
ria. 6 Indeed, as observed in our cohort of 
patients, the standard evaluation of clini- 
cal response patterns, including mixed 
responses, prolonged stable disease and 
pseudoprogression (the appearance of pro- 
gressive disease on conventional radiologic 
imaging followed by tumor regression) 
may not be fully appropriate for the assess- 
ment of efficacy and for guiding therapeu- 
tic choices. 

Finally, results from two recent clini- 
cal trials testing nivolumab 4,5 suggest that 
the presence of PD-L1 on the surface of 
tumor cells, or of other cells residing in the 
tumor microenvironment, may correlate 
with the propensity of patients to respond 



to nivolumab. This and other biomarkers 
of response should be evaluated in larger 
studies, both during induction therapy 
and in re-induction settings, as suggested 
by the melanoma case described above. 

Results from previous gene expres- 
sion studies conducted on tumor samples 
from melanoma patients receiving the 
anti-cytotoxic T-lymphocyte-associated 
protein 4 (CTLA4) antibody ipilimumab 
suggest that the expression of immune- 
related genes at baseline (before the initia- 
tion of therapy) increases the likelihood of 
patients to benefit from CTLA4-blocking 
agents. 7 Along similar lines, the expres- 
sion of PD-L1 in the tumor microenviron- 
ment may represent a pre-activated state 
of the immune system, awaiting full acti- 
vation upon blockade of the PD1/PD-L1 
pathway, resulting in antitumor immune 
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responses. 8 Conversely, tumors that lack 
an inflammatory background, and there- 
fore do not express PD-L1, may require 
exogenous immunostimulatory signals to 
enter such a pre-activated status, which 
can then be leveraged with the adminis- 
tration of anti-PDl antibodies (Fig. 1). 
For example, melanoma patients that 
received specific inhibitors of BRAF 
exhibited increased levels of tumor- 
infiltrating CD8 + T cells and expressed 
both common melanoma antigens and 
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